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ABSTRACT 
 
 
 
 
An open area test site (OATS) is a standard facility to perform electromagnetic 
compatibility (EMC) compliance testing of electrical and electronic products. An 
ideal OATS is a flat area, free of any obstructions and external signals. Pre-
compliance testing in a non-ideal OATS is an economical way to prepare a product 
for compliance testing. However, measurements in the non-ideal OATS have higher 
uncertainty. In addition, the existing model to analyse the measurement uncertainty is 
not adequate. Therefore, this research proposes an uncertainty model of a non-ideal 
OATS for electromagnetic measurement to analyse the measurement uncertainty 
components in the non-ideal OATS. In this research a normalized site attenuation 
(NSA) measurement uncertainty model was derived. A 3-m non-ideal OATS has 
been designed and built. The suitability of the location to build the OATS has been 
evaluated. To evaluate the measurement uncertainty in the site and the closeness of 
the site NSA to the ideal NSA, a series of NSA measurements in the non-ideal OATS 
were performed in the frequency range of 300 MHz to 1000 MHz. From the analysis, 
the expanded uncertainties of the OATS with a coverage factor of 2 were in the range 
of ±1.68 dB to ±1.98 dB. Besides, the OATS NSA values were inside ±4 dB margins 
as specified in CISPR 16-1-4:2010 standard. Therefore, the non-ideal OATS is 
eligible for pre-compliance testing. Based on many factors investigated in the 
sensitivity analysis, it was found that the dominant factor that contributed to the 
measurement uncertainty in the non-ideal OATS came from the antennas. In 
summary, this research mainly contributes to the development and evaluation of a 
low cost non-ideal OATS for pre-compliance testing. 
PT
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
vi 
 
ABSTRAK 
 
 
 
 
Tapak uji kawasan terbuka (OATS) adalah kemudahan piawai untuk melaksanakan 
ujian kepatuhan keserasian elektromagnet (EMC) untuk produk elektrik dan 
elektronik. OATS yang unggul adalah kawasan yang rata, bebas daripada apa-apa 
halangan dan isyarat luar. Ujian pra-pematuhan dalam OATS tidak unggul semasa 
pembangunan produk adalah cara yang ekonomi untuk menyediakan produk untuk 
ujian kepatuhan. Walau bagaimanapun, pengukuran dalam OATS tidak unggul 
mempunyai ketidaktentuan lebih tinggi. Di samping itu, model yang ada untuk 
menganalisis ketidaktentuan pengukuran itu tidak mencukupi. Oleh itu, kajian ini 
mencadangkan model ketidaktentuan OATS tidak unggul untuk pengukuran 
elektromagnet digunakan untuk menganalisis komponen ketidaktentuan pengukuran 
dalam OATS tidak unggul. Dalam kajian ini, model ketidaktentuan pengukuran 
pelemahan tapak ternormal (NSA) diterbitkan. OATS tidak unggul 3-m telah direka 
dan dibina. Kesesuaian lokasi untuk membina OATS telah dinilai. Untuk menilai 
ketidakpastian pengukuran di tapak dan kedekatan NSA tapak kepada NSA unggul, 
satu siri pengukuran NSA dalam OATS tidak unggul telah dilakukan dalam julat 
frekuensi 300 MHz hingga 1000 MHz. Dari analisis, ketidakpastian OATS 
terkembang dengan faktor liputan 2 berada dalam julat ± 1.68 dB hingga ± 1.98 dB. 
Selain itu, nilai NSA OATS berada dalam jidar ± 4 dB seperti dinyatakan dalam 
piawaian CISPR 16-1-4:2010. Oleh itu, OATS tidak unggul layak untuk ujian pra-
kepatuhan. Berdasarkan banyak faktor yang disiasat dalam analisis kepekaan, 
didapati bahawa faktor dominan yang menyumbang kepada ketidakpastian 
pengukuran dalam OATS tidak unggul datang dari antena. Ringkasnya, penyelidikan 
ini menyumbang kepada pembangunan dan penilaian OATS tidak unggul dengan kos 
rendah untuk ujian pra-kepatuhan. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background 
 
 
According to the International Electrotechnical Vocabulary by the International 
Electrotechnical Commission, electromagnetic compatibility (EMC) is defined as 
“the ability of an equipment or system to function satisfactorily in its electromagnetic 
environment without introducing intolerable electromagnetic disturbances to 
anything in that environment” (International Electrotechnical Commission, 2017, 
para. 1). In order to function satisfactorily, the equipment or system has to also 
possess good immunity or susceptibility from electromagnetic interference (EMI). 
For example, it is necessary for a pacemaker not to produce any electromagnetic 
disturbance to the environment but more importantly, it has to be immune from self-
interference as well as any outside EMI. In short, an electromagnetically compatible 
system does not interfere with the operations of other systems as well as its own 
operation and is immune from the emissions of other systems (Goedbloed, 1992). 
Hence, the field of EMC covers the electromagnetic emission issues which refer to 
the unwanted generation of electromagnetic energy by the equipment and the 
electromagnetic immunity or susceptibility issues which are related to the correct 
operation of the equipment in the presence of unwanted EMI. 
Testing and evaluation for EMC involve the measurements of radiated 
emission, conducted emission, radiated susceptibility and conducted susceptibility 
(Montrose & Nakauchi, 2004). The radiated emission testing is done to measure EMI 
generated by equipment under test (EUT) which is radiated through the space 
(Agilent Technologies, 2010). The conducted emissions testing measures the 
unwanted signals that are on the AC power mains generated by EUT (Agilent 
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Technologies, 2010). The radiated susceptibility testing is conducted to determine 
the EUT's ability to operate in the presence of EMI propagated via space (Aero Nav 
Laboratories, 2014). The conducted susceptibility testing is performed to determine 
the EUT's ability to operate in the presence of EMI propagated via a conductor (Aero 
Nav Laboratories, 2014). 
Among the above mentioned types of EMC testing, the radiated emission 
testing is mandated to be measured in an open area test site (OATS) as described in 
CISPR 11 (2010a), CISPR 22 (2008), CISPR 16-1-4 (2010b) and ANSI C63.7 
(2015). The radiated emission testing measures the electromagnetic emissions 
emanating from EUT. The purpose of the testing is to verify the EUT’s ability to 
remain below specified electromagnetic emissions levels during its operation. 
EMC testing is now a requirement of many global conformance and safety 
standards to many sectors including telecommunication, automotive, medical and 
consumer electronics. Many countries around the world have seen the importance of 
EMC. Therefore, EMC has become an important part of product design. In addition, 
compliance to EMC standards is required for importing electrical and electronic 
products into many countries world-wide (Armstrong & Williams, 2001). For 
instance, in Europe, the European Committee for Electrotechnical Standardization 
(CENELEC) on 1 January 1996 issued a mandatory directive regarding products to 
be marketed in the European Union (EU). This directive made it mandatory for 
electrical and electronic equipment which is to be sold in Europe meet certain 
requirements regarding electromagnetic emission and immunity (Singh & Garg, 
1999).  
EMC compliance testing is an activity to assess the compliance of a product 
to an EMC regulation or standard before the product may be exported. In order to get 
the certificate of compliance, the testing must be performed in a certified laboratory. 
The standard in the EMC compliance testing depends on which country the product 
will be sold. For example, information technology equipment to be sold in the US 
must be tested to comply FCC part 15 regulations, whereas if the product will be sold 
to Europe, it must be comply to EN55022 (CISPR 22) (Agilent Technologies, 2010).  
Considering that the EMC compliance testing is relatively expensive and 
there is no guarantee that a product will pass the testing in one shot, it will be 
effective if preliminary testing which is usually called EMC pre-compliance testing 
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